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ABSTRACT . 

Kushog Lake is an oligotrophic, low alkalinity 
environ capable of thermal stratification. Late sura- 
ifier trophogenic zone phytoplankton development appears 
restricted due tO' a low availability of nitrogen and 
phosphorus , 

Phytoplankton regponsee associated with in situ 
isolated epiliinnetic water in bags and column enclosures 
to single and daily feedings of glucose, nitrogen, pho-s- 
phorus were quite variable. The key nutrient factor in- 
fluencing phytoplankton development is phosphorus availa- 
bility. Synergistic responses to G + N + P compared to 
N + P appears related to an enhanced availability of 
carbon dioxide. 

Differences between algal responses of bag and 
oO'l'umn enclosures receiving equivalent traatments is at- 
tributed to faunal predation. 
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INTRODUCTION 

KushO'g Lake was first examined in 1967 during an 
investigation o^f relations.hips between nutrient availability 
and phytoplankton developments in several eurface waters of 
Southern Ontario which represented a variety of trophic 
situations and ranged in alkalinity (as CaCOj) from about 
€ - 120 mg/1 (Christie, 1968; 1969- 1973a). 

Tentative conclusions from the above studies were 
examined more critically by means of in situ controlled 
fertilization experiments in a mesotrophic marl lake, 
Lake-on-the-Mountain (Christie, 19 74), ParticuXar emphasis 
was directed toward the roles of nitrogen and phospho^rus , 
the two nutrients considered the key factore in eutrophi- 
cation (Fruh, 196 6,- Vollenweider, 19 70). 

Kushog Lake, an oligotrophic low alkalinity en- 
virO'n, was chosen as the location for similar investigations 
in a situation representing the lower end O'f the alkalinity 
range , 

Before, during, and since the inception of the 
Kushog study a. considerable amount of research has been un- 
dertaken to investigate the nutritive factors influencing 
phy top lank tO'D development in soft water or Shield lakes 
(Smith, 1969; Johnson et al, 1970; Kerr et al, 1970; 
Schindler et al, 1971; Schindler ,1971, 1973; Schindler at 
al, 1973; Michalski et al, 1973). To a large extent these 
approaches have focused on algal responses resulting from 
additions of inorganic carbon, nitrogen, and pho^sphorus with 
less emphasis being directed toward the pO'tential impact of 
organic carbO'n enrichm.ent such as may be associated with 
sewage treatment plant effluents (BOD) , 



'^^ * • J •■.'■1 • ' - .sr ?».--="-; o -r:. --p^ 'i^e^''- ':^ ■f^~;^i^''^<^. ^,,..^ ■■.■ r-f;^^^,-^ _ 



- 2 - 



Inasmuch as earlier laboratory studies with Kushoq 
Lake water yielded positive algal respO'nses following en- 
riehment with inorganic and/or organic carbo^n , in situ 

fertilization eKperiments at Kushog were directed towa,rd 
investigation of the potential impact of organic carbon 
loading,, with or without nitrogen plus phosphO'rus , as mani- 
fested by algal respO'nses. The results of these experi- 
ments which were carried out in 1972, and a description 
of lake liiTtnology as observed in 1971 and 1972 are pro'vlded 
in the following report. 

STUDY :7\,REA 
Kushog Lake is situated on the Precambrian Shield 
in Stanhope Township, Haliburton Co^unty at a lonqitude O'f 

78° 04", latitude of 78'° 47', and an altitude of 335m above 

sea level, and form,s a part of the Trent River Drainage 
Basin (Figure 1). The lake, known at one time as Kakwakshe- 
bemago'g (O'jibway meaning long and narrow) , has a surface 
area O'f 590 hectares, a volume of 54 x 10 " cubic metres and 
a shoreline perimeter of 42 kilometers. The maximuin depth 
is about 36 metres with a mean depth of slightly in excess 
of 9 metres. The bottom co^nsists O'f four distinct basins, 
the lower complex of bays being a'uite shallow. The water 
level, which is controlled by a dam at the outfall, may 
vary as m,uch as two^ metres between spring and autumn,, though 
no variation was evident during the enclO'Sure exporiments in 
1972. Many cottages, several resoxts and a cara,D for boys 
are located around the lake. 

Characterization of the lake was based on samples 
obtained at a single mid-lake station, the depth being about 
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Figure 1 



Map of Kusho-f Lake showing depth contours 

at 5 metre intervals and the location of 
the lake sampling station and the enrlch- 
iient experiments. 
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16 roetres. The enclosure studies were carried out about 
25 metres off-shore in water depths which increased from 
three to in excess of four metres. 



BIATERIAL AND METHODS' 

Sampling 

Samples from the lake in 19 71, 1972 were obtained 
using a four litre opaque Van Dorn bottle at depths of 
zero, 3,6,9,12, and 15 metres, monthly in 1971 and bi- 
weekly in 1972 beginning in May through September. 

Analysee 

Dissolved oxygen and temperature were determined 
using a YSI combined probe at one metre intervals to a 
depth of 15 metres. Water transparency was measured using 
a secchi disc and the depth of the 1% isophot in 1972 by 
means of a GM submarine photometer. Various ionic and non- 
ionic chemical analyses were carried out on unfiltered 
water samples. Filtered water for other chemical determina- 
tions was prepared by passing a 500 ml aliquot of raw 
water through a glass fibre filter which had been pre- 
rinsed with twO' 25 ml washings of the sample tO' be filtered. 
Chlorophyll a eetimates were based on the residue from a 
one litre sample treated with 1 ml of saturated MgCO^ and 
then filtered through a 47 mm 1.2 micron membrane. The 
above analyses were carried out at the Toronto laboratory 
of the Ministry of the Environment according to methods 
described by Brydges (1970). Filtering, pH, carbon dioxide 
and alkalinity titrations, the latter with a 200 ml aliquot 
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of raw water fo'llowing the procedure outlined in Standard 
Methods (196 5) , were done on location. 

Plankton 

PhYtoplankton standing crops were sampled at the 
same time and depth as the above and a one litre sample 
preserved with Lugol's solution. Concentration, ennumera- 
tion and identification procedures have been detailed 
elsewhere (Christie, 1973a) . Phytoplankton Droductivity 

measurements were initiated in May each year and done at 

14 
monthly intervals using the C method of Johnson et al 

(1970) with two light and one dark bottle at six depths. 
Four hour eKposure periods beqan two hours befO're mid- 
day- Sample radioactivity was determined using a Txi- 

carb scintillation spectrometer and the counts were quench 
corrected. These data are based only on the radioactivity 
contained within the seston, , 

Laboratory Experiment 

A labO'ratory enrichment experiment was carried out 
in an environmental chamber using 30iO ml aliquots of raw 
water contained in 5 00 ml sterile screw capoed flasks that 
were agitated on a slowly moving shaker table. Light in- 
tensity from a mixture O'f fluorescent and incade scent lamps 
was 400'0' lux at table level and the temperature was main- 
tained at 20°' + 2°C. The cultures were exposed tO' a 14:10 
hour light/dark cyclG. Mitrogen and phosphor'us , as KMO'^ 
and KII-PO., were dissolved in distilled water before being 

£ 4 

added to the cultures. 
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Field Fertilization Experiments 

Fertilization experiments in the lake were 
carried out using enclosures constructed from new, clear 
polyethylene tubing having a circumference of 1 metre 
and a wall thickness of 0.10 mti. The isolated voliime of 
each enclosure was 260 litres. Ten of the enclosures 
were bags and the remainder, dolumns. The upper end of 
each tube and the lower end of each column was held open 
by clamping the tubing between two bands of galvanized 
metal in such a way that the metal was outside the en- 
closure. The lower end of each column was wedged into the 
bottom mudp whereas the lower end of the bags was not/ 
having been sealed. Depth of water within each enclosure 
was three metres. The enclosures were suspended from a 
securely anchored framework suspended on floats. 

Composite sampling of the enclosures to a depth 
of 2.5 metres was accomplished using a length of 5 cm 
diameter aGrylic tubing fitted with a foot valve. The 
entire sample was then discharged via a side delivery 
tube into a clean opaque glass container. Aliquots of 
both filtered and raw water for chemical analyses were 
placed in sterile polyethene bags and frozen. Other 
subsamplcB were obtained for determination of chlorophyll a^ 
phytoplankton, rotifer and crustacean populations, and 
treated as described earlier. Identification of the latter 
were based on descriptions of Ward and Whipple (1965) . 

The photosynthetic activity of the phytoplankton was 

determined by exposing one of two aliquots, treated with 

14 
NaHCO^- C, to a light intensity of 5000 lux provided by a 

bank of Sylvania Cool White Power Tube fluorescent lamps. 
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The other aliquot was placed in darkness. After 4 hours the 
samples were treated with HgCl (Johnson et al, 1968) and 
subBequently filtered and counted in the scintillation spec- 
trometer. 

Composite carbon dioxide, alkalinity , and pH meaeure- 
ments were obtained by sampling each enclosure with a 3 metre 
tube, 1 cm diameter. Titrations were carried out imimediately . 

At the end of the study, which began in early July 
and lasted for a period of four weeks, the enclosures were 
recovered, A representative sample O'f the materials present 
on the interio'r walls was then obtained by gently siphoning 
an area of 20 cm by 3 metres, 2 percent of the wall area, 
and preserving the slurry with Lugol's solution. 

The dry weight of sestonic and periphytic solids 
were determined by gently filtering aliquots of concentrates 
through a 25 mm, 0.45 u membrane which had teen previo^usly 
washed with distilled water, dried overnight at 75'°C and 
then allowed to stabilize at room temperature for one hour 
in a dessicator before being weighed. Filtered samples 
were treated as described above and the dry weight corrected 
relative to changes in identically treated control me'mbranes. 
(Strickland and Parsons, 196 8) 

The various fertilization treatments used in the en- 
closure study are listed in Table I, Enclosures fed o^nly at 
the beginning of the experiment are indicated by an aster isk{*), 
all other tubes were fed daily after sampling. 
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TABLE I 



Fertilization Treatments to Enclosures 
Carbon as Glucose, Nitrogen as NH .NO, , Phosphorus as iMaH2P0. 



Enclosure .■ 
Bag 


Treatment 
B-Control 

B-N* 
B-P* 


Carbon 


Nitrogen 
784 pg/1 


Phospho 

56 pg/1 




B-NP'* 




7 84 pg/1 


5 6 pg/1 




B-C* 


2 36 pg/1 








B-CNP* 


2036 pg/1 


784 pg/1 


56 pg/1 




B-NP 




28 pg/1 


2 pg/1 




B-2C 


74 y,g/l 








B-2CNP 


74 pg/l 


28 pg/1 


2 pg/1 


Columns 


C- Control 


,, 








C-tlP* 




784 pg/1 


56 pg/1 




c-c* 


20 36 pg/1 








C-CMP* 


2036 yg/1 


784 pg/1 


56 pg/1 




c-ic 


7 pg/1 






__ t 


C-2C 


74 pg/1 








C-3C 


740 pg/1 








C-ICNP 


7 pg/1 


28 pg/1 


2 pg/1 




C-2CNP 


74 pg/1 


2 8 pg/1 


2 pg/1 




C-3CNP 


740 pg/1 


28 pg/1 


2 ug/1 



* These trea'tments fed once at the beginning of the 

experiment^ all other treatments were fed the above 
amounts daily 
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RESULTS 

LAKE LIMNOLOGY 

Physical and Chemical Characteristics 

Secchi disc measurements of water transparency from 
May to October 1971, 1972 (Figure 2) ranged from 3 to 6 
metres with mean depth values in each year of 5.0 and 4.8 
metres respectively. The depth of the one percent isophot 
in 1972 is also indicated. 

Changes in v/ater temperature during these periods 
(Figure 3) show penetration of the 20 C isotherm to have 
been deeper in 1971 than 1972 although the maximum depth at- 
tained by the 15 C isotherm was more or less comparable 
- 7 metres. The 10 C isotherm was also deeper in 1971 than 
1972. 

Dissolved oxygen concentrations in early May were 
more or less homogeneous with depth (Figure 4) and remained 
in excess of 5 mg/1 to depths of about 12 metres throughout 
most of the study period. At one metre above the bottom 
the oxi'gen content of the water was never observed to be 
less than 3 mg/1. 

The average, minimum and m.aximum values obtained 
for various chemical parameters from sampling to a depth 
of 15 metres are presented in Table II. Seasonal depth 
changes of dissolved silicate, organic carbon, nitrogen 
and phosphorus are displayed in Figure 5, 

Phy top lank ton 

3 
Profiles of phytoplankton standing crops (mm /I) 

showing variation in the community structure with depth and 

time are depicted in Figure 6, The maximum density observed 
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Figure 2 
Secchi disc measureiEents of water transparency 
in 1971, 1972 and the depth of tiie 1% isophot 
in 1972. 
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T^BLE II 



Water Chemistry of Kushog Lake in 1<^71, 1972 





Paramete: 


r 






] 


.971 






1972 










Mean 




Range 


Obs. 


HeaJi 


Range 


Obs 


Calcium 




mg/1 


4 




4 


- 


5 


36 




3 


- 


6 


66 


Magnesium 




mg/1 


1 






1 




36 




1 


- 


3 


66 


Sodium. 




m.g/1 


2 




1 


- 


3 


36 




1 


- 


2 


66 


Potassiiffln 




mg/1 


0.6 


0. 


.5 


- 


0.8 


36 


0.4 


0.1 


- 


0.7 


66 


Total Iron 


L 


m.g/1 


0.07 


0, 


.00 


- 


0.40 


36 


0.10 


0.05 


- 


0.20 


66 


Sulphate 




mg/1 


Q 




5 


- 


12 


36 




5 


- 


40 


66 


Chloride 




mg/1 


4 




1 


- 


4 


30 




2 


- 


5 


54 


Manganese 




mg/1 


0.03 


0, 


.00 


- 


0.15 


30 


0.02 


0.01 


- 


0.27 


66 


Dissolved 


Solids 


m.g/1 


43 




25 


- 


100 


36 




20 


- 


70 


54 


Conductivi 


■ty 


mhos/cm 


40 




m 


- 


42 


24 




38 


— 


43 


42 
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Figure 5 

Seasonal depth variations in 1971, 1972 of dis- 
solved organiG carbon {mg/C/1) , particulate 
carbon (rag/C/l) , nitrate nitrogen (pg N/l) , 
airarania (yg N/l) , dissolved orgatiic nitrogen 
(ug H/1) , particulate nitrogen (\ig N/l), dissolved 
organic phosphorus (ug P/1), soluble reactive 
phosphorus (yg P.l), particulate phosphorus 
(vg P/1) and dissolved silicate (mg BiO_/l) . 
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Figure 6 
Profiles of phytoplankton standing crops 



(niti /I) during 1971, 19 72. 
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Figure 7 



Seasonal depth variations of chlorophyll 
a (vg/l) during 1971, 1972. 
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3 
in eaGh year did not exceed 2p0 pip, /I. Chlorophyll a 

concentrations (pg/1) have been illustrated in Figure 7. 

Maximum quantities of this parameter never exceeded 3 Pg/1. 

The average percentage composition of the phytoplank- 

ton standing crops (Table III) indicates the Eacillariophyta 

to have remained more or less uniform between years, the 

Cyanopliyta declining in aomlnence from 1971 to 1972 and 

being replaced primarily by the Chlorophyta. ^ list of 

phytoplankters encountered during the study is presented in 

Table IV. 

Profiles of monthly assessments of phytoplankton 
prim.ary productivity displayed in Figure 8 are based on 4 
hours exposures and then expressed as m.g C/m /day, the 
day length being the period between sunrise and sunset. 
Planimetric estimates of carbon fixation per unit area per 
day fmg C/m /day) have been included. The most productive 
period in 19 71 appears to have occurred toward the end of the 
summer I In September and October, whereas in 1972 highest 
productivities were obtained in May and June, 

LABOimTORY EXPERIMENT: 19 70 

Samples of lake water were obtained in April, 1970 
from a depth of 1 - 5 ro.etres below an ice cover approxi- 
mately 70 cm, thick. Chemical characteristics of the lake 
water are Indicated in Table V. Aliquots were enriched with 
nitrogen and/or phosphorus and cultured at the laboratory 
for a period of three weeks, phytoplankton responses being 
assessed at weekly intervals on the basis of chlorophyll a 
determinations (Figure 9) . The greatest response was obtained 
on the third week from the combined addition of nitrogen and 



I 



- 18 - 



TABLE III 

The Average Percentage CoFiposition of Phytoplankton 
Standing Crops in 19 71, 1972 



1971 19 72 

Bacillariophyta 32.9 39,8 

Chlorophyta 16.6 34.1 

Chrysophyta 3,2 7.7 

;ophyta 2.5 5.2 



Cy anophy t a. 41.2 12.8 

Euglenophy ta 1,6 , 3 

Pyrrophy ta ,2 ,0 D . 1 
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TABLE l\r 



Phytoplanktoii of Kushog Lake 

BACILLARrOPHYTA 

A chnanth Bs in f lata Kuetzing 

Achnanthes minutissiina CKuetging) Cleve 

A roph ipleura pe Hue Ida Kuetzing 

A mphora spp^ 

A sterio nella formosa Has sail 

C a lone is amphisbaena (Bory) Cleve 

Co c cone is diiriinuta Ehrenberg, Orunow 

Cyclot ella bodanica lulenstein 

Cymbella ventricosa Kuetzing 

Fragil aria capucina Desmazieres 

Fragllaria crotonensis Kit ton 

G omph on ema s pp , 

Melosira is Ian die a Muller 

Navicula spp. 

Nitzchia spp. 

gta urone is phoeni centro n (Mitzsch) Ehrenberg 

Stepha nodi scus niagare Ehrenberg 

Synedra rump ens Kuetzing 

Tabellaria fenestrata (hyngb.) Kuetzing 

Tabellaria f locculosa (Roth) Kuetzing 

CHLOROPHYTA 

A nk is t r o de s mu s fa. lea t us (Cor da) Palfs 

Arthrodesmus s^p. 






Table IV - cont'd 



Asterococcus spp. 



Botryococcu s braunll Kuetzing 

C haetosph aeridiiim 

Characium spp. 

Chlamydomonas spp. 

Chlorella vulgaris Beyerinck 

ChlorQCO c cum humicola (Naegeli) Rabenhorst 

Coela etrum spp. 

Cos mariu m spp, 

CriiGigenia apiculata (Lernmermann) Schnnidle 

Crucigenia rectangularis (Naegeli) Gay 

Diotyosphaeriiim Ehrenbergi aniom Naegeli 

Dictyosphaeriiim pulchellum Wood 

Elakatothr ix spp. 

Eua strum spp, 

F aemo to co ecus lacustris (Girod) Rostafinski 

Kirchne riel la spp. 

Micrasterias spp. 



^eotia spp, 
O ocystis borgei Snow 
Oocystis elliptica W. West 
Pediastriim duplex Hey en 
Pediastrum tetra (Ehrenberg) Ralfs 
Pyranimoiias tetrarhynchus Schmarda 
Q uadrlg iila lacustris (Chodat) Smith 
Soenedesmus bi j uga (Turpin) T.agerheiro 
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Table IV - Cont'd 

gc en.e.desm.us_ quadricauda (Turpin) Brebisson 

SGhroederia se tiger a (Schroeder) Leimnermann 

Sphaerocystis spp. 

Staurastrmn spp. 

Tetraedon minimum (Braun) Hansgirg 

Tetraedo n muticum (Braun) Hansgirg 

Tetrastru m spp. 

Treubaria setigerum (Archer) Smith 

CHRYSOPHYTA 

Chlorochromonas mi nut a Lewis 

Diachros simplex Pascher 

Pi no b ry on bavaricum Imhof 

Dinobryon sertularia Ehrenberg 

Gloeobotrys limneticus (Smith) Pascher 

Mallomonas spp. 

Oph io cytiu m capita turn Wo lie 

CYANOPHYTA 

A nabaena circinalis Rabenhorst 

Anabae n opsis spp, 

Aphanocapsa spp . 

Ap nano these clathrata West & West 

CoeloBphaerium palliduin Leromermann 

Chroococcus dispersus (Keissl) Lemmermann 

Chroococcus limineticus Lemmermann 

Chroococcus minor (Kuetzing) Naegeli 

Dactylococcopsis ocicularis Lemmermann 
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Table IV - Cont'd _ 22 



Gloeocaijsa spp , 

Gloeothece rupestrls Lyngbye 

Gomphosphaeria aponina Kuetzing 

Gomphosphaeria lucustris Chodat 

Merismopedia spp. 

MicrOGystis aerugiiiosa Kuetzing 

Oscillator la spp, 

Phab do derma line are Schmidle and Lauterborn 
CRYPTOPHYTA 

Cryptoittonas eroga Ehrenberg 

Euglenophyta 

Euglena minuta Prescott 

Eugle na 3 anguine a Ehrenberg 

1 
Lepocinclis spp. 

Phacus spp. 

Tr ache 1 omon a s spp. 

PYRROPHYTA 

C eratimn hlrundinella (Muell) De jar din 

Chroomonas Nordstedtii Hansgircr 

Glenodium spp. 

Hemidinimn naeuturo Stein 

Hemidinlmti limbatum (Stokes) LeFiinermann 
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Figure 8 

Profiles of phytoplankton productivity per 

3 
unit volume (rog C/m /day) and per unit area 

2 
(mg C/m /day) at monthly intervals during 

1971, 1972, 
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TABLE V 

Chemistry of Late Winter Water Sample 
Used in the Laboratory Enrichment Experiment 

Calcium 5 mg/1 

Magnesium: 2 mg/1 

Dissolved SiO- 4,1 mg/l 



Alkalinity (as CaCO^) 5 mc 

Total Phosphorus 20 ug/1 

Total Nitrogen 1027 ug/1 

Nitrate N 6 00 ug/1 

Nitrite N 7 ug/1 

Aimionia N 230 ug/1 
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Figure 9 

P'liytoplanktoin reisponsee (chlorophyll a_ - 
yg/1) in labO'ratory cultures of under-ice 
Kusho'g Lake water enriched with nitrogen 
.and/or phosphorus . ■'» 
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phosphorus, the chlorophyll level of 6 5 yg/1 , being several 
fold greater than the sum of the maximum responses associ- 
ated with enrichment of only nitrogen or phosphorus. 

FIELD TRIAL FERTILI!^ATIOri EXPERIMEMTB 

Biomass 

The highest phytoplankton concentration observed 

3 
during the field trial study, 4050 mm /I, occurred in the 

bag enclosure receiving a single feeding of glucose, 

nitrogen and phosphorus (B-CrJP*) (Figure 10) and was about 

eight to ten times greater than values recorded from 

either the control (B-Control) or adjacent lake water. 

Of the various gytems receiving single feedings of carbon 

(B-C*, C~C*) , nitrogen (B-I^*) , or phosphorus (B-P*) , only 

in the latter did a maximum phytoplankton concentration 

develop in excess of its control {B-Control or C -Control) . 

The combined addition of a single feeding of nitrogen and 

phosphorus in a bag enclosure (B-^IP*) developed a maximum 

no greater than when only phosphorus was added (B-P*) but 

greater than observed with an equivalent treatment in a 

column enclosure (C-NP*) . Of the two treatments receiving 

single combined feedings of carbon nitrogen and phosphorus, 

the maximum algal quantity of the bag enclosure (B-C JP*) 

was more than twice its column counterpart (C-C'IP*) . 

The total algal response obtained in each treatment, 

expressed on a per unit volume basis (Table VT) , was calculated 

by adding together the terminal periphytic quantity of algae 

along with a planimetric estimate of the phytoplankton 

which developed over the 2 8 day study period. The most 

productive enclosure was the tube which received a single 
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TABLE VI 



Total Quantities of Suspended Solids , Algae and 
^jiiinals (rotifers plus crustaceans) which Developed 
in the Enclosures Over 28 Days as calculated by 
Sumroing Planimetric Estimates of Suspended Materials 
Plus Terminal Periphytic Materials s Expressed per 
Unit Volume 



Treatiient 

B- Control 
B-N* 

B-P* 

B-NP* 

B-C* 

B-CMF* 

B-NP 

B-2C 

B-2CNP 

C- Control 

C-NP* 

C-C* 

C-CNP* 

C-NP 

C-IC 

C-2C 

C-3C 

C-ICNP 

C-2CNP 

C-3CNP 



Suspended Solids 
mg/1 


39 


22 


46 


34 


11 


IB 


43 


26 


37 


26 


33 


39 


64 


5 8 


48 


42 


45 


39 


87 


177 



Algae 
mm /I 



i 



11 

8 
20 
27 

13 
15 

11 
it 

il 



Animals 
thousands /I 



1ft 

la 

25 

12 
28 



li 

mm 

If 

if: 

62 
54 
73 
23 
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feeding of carbon, nitrogen and phosphorus (B-CNP*) , the 
total quantity of algae which developed being about three 
times greater than that obtained with a comparable nitrogen 
and phosphorus treatment lacking carbon (B-NP*) . Total 
responses in bag enclosures to daily feeding of only 
carbon to the bag systems (B-C*j B-2C) resulted in the 
development of algal quantities less than the control 
(B-Controll , 

Within the column systems, single feedings of 
nitrogen and phosphorus, with or without glucose (C-NP*; 
C-CNP*) , yielded algal responses slightly greater than 
their control tube (C-Control) but slightly less than accrued 
in comparable column systems fed daily (C-NP: G-2CNP) , these 
latter being more or less equal. 

Comparison of quantities of algae present on the 
last day of the study in those tubes receiving daily 
feedings of carbon and/or nitrogen plus phosphorus (Figure 11) 
indicates the largest algal population at that time to be 
present in the tube receiving nitrogen, phosphorus and the 
lowest glucose addition (C-lCNP) , tiie algal biomass declining 
with increasing carbon loading (C-2CHP; C-3CNP) .The solids 
of each of those enclosures receiving nitrogen and phosphorus 
appears to be quite comparable. Carbon feeding alone had 
no apparent stimulatory effect on either the development of 
algae or the rotifers and crustaceans. In those tubes 
which were fed nitrogen and phosphorus however, the animal 
populations display a relationship to the various treatments 
similar to that noted with the algae, though not as closely 
in the bag enclosures as with the columns. 

The initial phytoplankton community (Figure 12) 
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BAGS 




ORGANIC CARBON ADDITIONS 



Flfttre 11 
Hie solids, algae and rotifers plus 
crostaceans associated with the seston plus 
periphyton on the 29th day of those enclosures 
reoeivlng d»lly additions af glucose a««/or 
nitro.gen, plus phosphorus. 
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consisted of nearly equal quantities of Bacillariophyta, 
Chlorophyta and Cyanophyta, the dominant forms including 
Cyclotella spp. , Stephanodiscus spp.. The more predominant 
phytoplankton genera observed in the communities of the various 
enclosures are listed in Table VII, 

Within each bag enclosure the Chlorophyta exceeded 
a 50 percent domination of the community at some time during 
the study and the Bacillariophytai never. Four treatments 
where the Cyanophyta exceeded this percentage include 
B-Control, B-N*, B~2C, and B-2CNP. In this latter system 
algae representing types other than associated with the 
above gained prominence due to the abundance of a form 
of Chrysophyta - Chrysidiastrum spp. , 

Within the column enclosures the Chlorophyta 
attained a 50 percent level in only four systems - C-Control, 
C-NP*, C-NP| and C-3CNP, On the other hand the diatoms 
dominated at this level in all but four systems at some 
time during the investigation, two of which C-Control and 
C-3CKP along with C-lC and C-3C, had a population which 
shifted to mainly bluegreen or Cyanophyta. 

The composition of the terminal periphytic eoromunities 
is also illustrated and shows a domination by the Bacillario- 
phyta in all but three systems , the Chlorophyta making up 
the largest population in tubes B-CNP*, B-2C, and C-C*. 

Pho to syn the t i c Ac t i vi ty 

Algal populations displaying the highest rates of 
net carbon assimilation were obtained with samples from 
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Fiquro 12 
'T'ercentagG compos;! tion of phytoplanktoil 
standing crops at v;eek]y intervals and the 
algal community of the terminal periphytop 
aKGocicitGd v.'i th Lin.- enclosures of the fer- 
tilization field 5;tudy, 
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TABLE VII 



Predominant Forms of Phytoplankton i^ssociated 
With the Enclosures of the Field Experiments 



B A CI LLARI DP H YT A 

Asterionella 
Fragilaria 
Melosira 
Navlcula 
M itzchia 
Tabellaria 
CHLOROPHYTA 
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BAG I LLAEIOPHYTA 

Rsterlonella 
Cyclotella 

. Mavicula 
Nitzch ia 
Tabellaria 
CHLOROPHYTA 

Ankigtrodesmus 
ArthLrodeeEvus 
Bo try ocQccus 
Chi amy d omona s 
Chlorella 
Cosmariuro 
Euastrum 
Oocystis 
Pediastruiti 
Quadrlcrula 
ScenedeBinus 
CHRYSOPHYTA 

Ch ry s i di as tr urn 
Dlnobryon 
CYAIIOPEYTA 

Aphanocapsa 
Aphanothaoe 
ChroQcoccuB 
C oe 1 o gphari um 
Gompho Bph aer i a 
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tnbe B-CNP* followed by B-NP* (Table VIII) . Responses 
associated with samples from both controls and B-N*, ap- 
peared to have maximized by the second week as did those 
of enclosures to which daily feedings of only carbon were 
added other than C-3C, Responses within those systems 
which received daily additions of nitrogen and phosphorus 
with or without carbon, excluding C-3CNP, did not attain 
their highest observed rate of uptake until at least the 
third week. 

Prom the above data a planimetric estimate of the 
overall net photosynthetie carbon uptake over the four week 
period was determined and these values divided by a similar 
estimate of the phytoplankton population. The results of 
these calculations yield a sort of overall Production/ 

Biomass Index for each enclosure. Index values were foiind 

•J 

to range from about 3 - 61 mg C/4 hours/cm , tubes B-Control 

and C-Control being 9 and 8 respectively, (Figure 13 ) . 
The highest index value was found to be associated viith 
treatment B-NP*, B-CNP* being second. Of the bags and 
columns receiving comparable nutrient additions the index 
associated with a bag enclosure exceeded that of its column 
counterpart. Within the columns, daily additions of carbon 
along with nitrogen and phosphorus in each case resulted 
in a higher index value than was obtained from column C-NP, 

Temperature, Oxygen, Carbon Dioxide and pH 

The results of weekly monitoring of the tubes and 
adjacent lake water before midday with respect to the 
temperature and dissolved oxygen concentrations at a depth 
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TABLE VIII 

Weekly measurements of net photosynthetlc activity as 
determined under artificial illumination (mg C/rn^/A hours) 



Weeks 



1 


% 


1 


4 


B 
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1 


1 
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6 


I 
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12 
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a 


00 


55 


29 


J 


1 


i 


A 


1 


70 


145 


143 


86 


17 


25 


« 


29 


1 


1 


l, 


2 


i 


1 


25 


40 



Treatment 

B-Control 

B-N* 

B-P* 

B-NP* 

B-C* 

B-CNP* 

B-NP 

B—2C 

B-2CNP 



C -Control 1^21 

C-NP* 10 ill 

C-C* 1 111 

C-CNP* f i 7 i 

C-NP 11 16 22 i 

c-ic i i 3 J 

C-2C 11 1 ;1 

C~3C fill 

C-lCMP 19 13 20 14 

C-2CNP 10 16 2 8 10 

C-3CNP 13 14 5 1 
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Phofosynthetic Index 
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B- N^ 
B - P^ 
B - NP^ 
B — C^ 
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B - HP 
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C — Co Hit,. 

C - NP^ 
C - C' 
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C= MP 
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C- ICNP 
C- 2CNP 
C- 3CNP 



Fiqure 13 
A Product ion/Biomass Indox for each exDerimnntal 
trfiatmont: net carbon uptake (mq C/m /4 hourn)/ 
phytoplinkton concentration ian^/m^] inteqratcd 
over a Dcriorl of 28 days. 
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of 2.5 metres, and the total inorganic carbon content 
(expressed as yMCO^/l) and pH of a composite sample from 
each enclosure are detailed in Table IX* 

The dissolved oxygen content at this depth was 

" never found to be less than 50 percent saturation in any 

I enclosure. 

The total inorganic carbon concentration, expressed 
as PM C02/l# of the adjacent lake water ranged from 16 8 *- 
227 MM C0«/1 and the pH from 5.7 to 6.0. Within the en- 
closures the lowest free carbon dioxide quantity recorded, 
which would represent CO^ plus H2C0«, was 45 vM C0«/1 and 
that of total inorganic carbon was 125 yM 00-/1. 
The pH fluctuated only slightly between enclosures ranging 
from between 5.6 and 6.2 though values as high as 7,0 
were obtained from system B-CHP*. 

Three days before the study was terminated six of 
the enclosures, which received daily feedings of nutrients, 
were monitored over a 24 hour period at 6 hour intervals. 
Observations began at midday following feeding. By late 
afternoon (Figure 15) the free carbon dioxide had disappeared 
in two of the systems at a time when the pH had increased 
in excess of 8,3, By the following roorning, just before sun- 
rise, the pH of treatment C-2CNP, for example, had decreased 
2.2 units to 6.4 and the free carbon dioxide concentrations 
risen to 58 m CO^/l. Although the pattern of responses 
were somewhat similar in bag and coluinn enclcsures of 

I comparable treatments, the magnitude of fluctuation in the 
latter was much greater. 
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TABLE IX 



ICEEKLf VARIATIONS OP 
DISSOLVED 03HGEN, pH, CARBON DIOXIDE CMCO^) and INORGANIC CARBON (E MCOw| 



WEEKS 
TREAIlffiNT 

B-Cont 
B-N* 
B-P* 
B-NP* 

B-C* 

B-CNP* 

B-NP 

B-C 

B-2CNP 

C-Cont 

C-MP* 

C-C* 

C-OiP* 

C-NP 

C-IC 

C-2C 

G-3C 

e-icNP 

C-2CNP 
G-3CNP 



i© CO ECO 

mg/l pH nM/l uM/I 



7 » D 

7.3 
7,4 
f.8 
8.4 
8.5 
8.1 
8.1 
8.1 

7.4 
6. 4 
7.4 
8.2 
€ . 7 
7,1 
i.7 
7.1 
S.5 
8.1 
7.6 



6.0 116 
6,0 114 
6,0 102 
6.0 91 
6.0 91 
5.9 114 
5.9 114 
6.0 8.0 
6.0 112 

5.9 91 
5.9 91 
5.9 114 
5.9 79 
5.9 114 
5.9 79 
5.9 79 
6.0 91 
5.9 91 
5.8 124 
5.8 102 



260 
170 
170 
189 
209 
226 
206 
180 
208 

209 
206 
186 
201 
189 
241 
241 
187 
216 
238 
241 



TO. 
mg/l 


pH 


iiM^l 


Sco 

uM/I 


7.0 


5.6 


91 


189 


6.9 


5.7 


102 


198 


6.8 


5.7 


102 


198 


7.0 


5.9 


79 


139 
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Figure 14 
Diurnal variations in the pF, total and 
free carbon dioxide (yflCO-Vl) of eight 
enclosures (4 bags: 4 columnB) reeeiving 
daily feedings of glucose and/or nitrogen 
plus phosphorus toward the end of the field 
-experiment. 
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Carbon, Nitrogen, Phosphorus 

The carbon, nitrogen and phosphorus content of the 
total solids present in each tube over the period of the 
study was calculated from analyses of the weekly seston sam- 
ples and the terminal periphyton. The relative percentage 
composition of the solids with respect to these three nutri- 
ents as well as weight to weight nutrient ratios are present- 
ed in Table X. 

The carbon, nitrogen and phosphorus requirements 

of the total algae of each tube was estimated using the 

3 3 3 

following relationships - |igP/mm = 1, pgN/mm - 20, pgC/mm = 

lOQ, A comparison between tMe actual nutrient content of the 
solids in each tube and the calculated algal requirements 
(Figure 15) shows the solids to contain, at a minimum, at 
least three times the amount of carbon, nitrogen or phos- 
phorus necessary to support the algal quantities which 
developed. 

DISCUSSION 
Comparison of the mean values of several para- 
meters measured in 1967 and 1972 (Table XI) shows very little 
change to have occurred in Kushog Lake during the five year 
period with respect to water transparency or phytoplanktan 
density. On the other hand, total phosphorus appears to 
have declined by 1972 to a level less than one-third of the 
1967 value whereas nitrate nitrogen has increased somewhat - 
Whether this apparent decrease in total phosphorus is related 
more to improved anialytical technigue or to the disappearance 
of a boy's camp and improved sewage treatment at a boarding 
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TABLE X 



Percentage of Total Solids ag Carbon, 
Nitrogen, Phosphorus and CsNsP Ratios 
From the Encloeure Study 





C 


m. 


i 


« 


N 


P 


B-Cont 


31,6 


3.7 


0,16 


196 


23 


1 


B-N* 


48.7 


6.8 


0.27 


182 


25 


1 


B-P* 


25.6 


3.1 


0.23 


110 


13 


1 


B-NP* 


43.1 


8.6 


0.52 


82 


16 


1 


1-C* 


64.3 


3.6 


0.23 


282 


16 


1 


B-CNP* 


32.6 


5,5 


0.34 


95 


If 


1 


B-NP 


24.4 


5.2 


0.41 


60 


13 


1 


B-2C 


34.1 


5.3 


0.21 


161 


25 


1 


B-2CNP 


40.6 


5.3 


0.41 


99 


13 


1 



C-Cont 


50.6 


4.9 


0.22 


232 


22 


1 


C-NP* 


38.1 


4.8 


0.29 


130 


16 


1 


C-C* 


17.3 


3,5 


0.24 


71 


14 


1 


C-CHP* 


16.2 


3,6 


0.16 


98 


22 


a 


C-NP 


23.3 


3.1 


0.25 


92 


15 


1 


C-IC 


13.3 


2.8 


0.16 


81 


17 


1, 


C-2C 


15.6 


3.8 


0.22 


71 


17 


1 


C-3C 


15.7 


5.1 


0.18 


90 


29 


% 


C-ICNP 


36.3 


5.6 


0.54 


66 


10 


1. 


C-2CNP 


20.2 


3.7 


0.32 


62 


11 


I 


C- 3CNP 
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3.4 


0.15 


6 8 
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Figure 15 
'h comparison betv/scn carbOTi, nitrogen and 

phosphorus content of the total solids of 
each enclosure with the estiiratpsJ requi' re~ 
ments of the associated algal populations. 



TABLE XI 

A comparison of the mean values of 
parameters measured in 1967 and 1972 
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Calcium 



mg/l 



196 7 

5.0 



1972 
5.0 



Magnesiuii 
Potassium 



1.5 



0,5 



1,0 



, 4 



Sulphate 



10 



Total Iron 



Nitrate ;H 



mg/l 



0.10 

71 



0.10 



Phosphorus lig/l 



33 



M- 



Secchi Disc metre 



4 , 3 



4,9 



Algae 



wm /I 



0.63 



0.44 



Chlorophyll a pg/1 



1.4 



1.0 
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school, both located on the lake draining into Kushog, is 
not possible to acertain. 

Weight to volume relationships between the carbon, 

nitrogen, phosphorus and phytoplankton content of the 

3 ' ' 

seston ( yg/iran ) are illustrated in Figure 16. Techniques 

of FitzgermM ani Nelson (1966) to establish essential 
pliosphoriis requirements of algae when applied to seston 
samples from several Ontario surface waters (Christie, l<^73b, 
1973c) yielded various phosphorus and nitrogen to biomass 
ratios. The presence of these nutrients in excess of 
phytoplankton requirements was indicated when the observed 
ratios were in excess of pg P/mm~^ - 1,. Vg H/mm = 20. Ruch 
ratios should not be interpreted as indicating all the 
phosphorus and nitrogen of the seston is necessarily avail- 
able to the algae. On the other hand the appearance of 
ratios less than the above, as observed occasionally in the 
trophogenic waters of Kushog, would suggest that phytoplankton 
development is restricted as a result of a limited availa- 
bility of one or both nutrients. 

According to Mullin et al (1962) the carbon content 
of algae may vary from: 30-250 Mj C/mm^, Ratios obtained 
in 19 71, 1972 for the most part exceed this range at all 
depths until midsummer in the epi limnetic and metalimnetic 

zones. The appearance of carbon/algal ratios greater than 

■ 3 . 

250 yg C/mm , in conjunction with similar excessive ratios 

obtained with phosphorus and nitrogen would suggest the 
presence of suspended materials which contain very little 
algae, such as organic detritus originating from adjacent 
forested shoreline either directly as pollen, or as part of 
the natural surface run-off. 
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Figure 16 
Ratios !:-etween tho carfc'O'n, nitroqen and; 
phosphorus content of the iseston and! 
asGQciated phytoplarkton populations, 
(nutrient (i-g) /algal (rm'') ). 
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Midsummer profiles of carbon assiinilation (Figure 9) 
and secchi disc estimates of 'water transparG'ncy (Figure 3) 
depict features very similar to thO'Se O'bserved by Findene'qg 
(1964) in Lunier See which is considered an example of oligo- 
trophy. Maximum standing crops of the trophogenic zone O'f 
Kushog each year did not exceed 2 mm VI which is less than 
the range of 3 - 5 inra, /I suggested by Vollenweider (19 70) 
fox a miestrophic situatio'n. Kushoo Lake in 1971 and 19 72, . 
as in 1967 r would therefore appear to reprosent an example 
of an oligotrophic environ. 

A maximum algal response of 61 ug/l chlorophyll a, 
obtained during a laboratory enrichment experiment with a 
winter sample of lake water (Figure 10) , would suggest that 
the epilimnetic waters of this lake are sufficiently en- 
dowed with various growth factors essential for plant 
growth, other than nitrog'en and phosphorus ? to support much 
larger auantities of phytoplanktO'n than were observed during 
examination O'f the lake in 1971 or' 1972. A synergistic in;- 
crease to addition of nitrogen plus ohO'Sphoxus , a result 
similarly observed by Christie (19 69) , Thomas (1969) , 
Polsini et al (1970) and Glooschenko and TVlvis (1973) 
Sakamota (1971) indicates a dual limitation on phytoplankton 
responses related tO' the supply O'f these two nutrients, and 
more Darticularly phosphorus. Addition O'f this nutrient 
alO'ne developed a maximum response more than double the 
control. 

The results of the in situ fertilizatio^n experiments 
show that only those enclosures receiving phosphorus 
developed either a maximum_ phytoplankton or tO'tal algal 
quantity more than double the control tubes fFigure 11, Table 
VI) , 
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Slug feedings of nitrogen or carbon had very little if any 
stimulatory affect on algal responses. Addition of only 
nitrogen plus phosphorus (B-NP*) while evoking a synergistic 
reaction in photosynthetic activity displayed no apparent 
similar action on the basis of algal biomass. Synergistic 
responses in photosynthetic activity and algal development 
are evident when carbon was added along with nitrogen and 
phosphorus (B-CHP*) (Figure 11, Table VIII). 

The quantities of suspended solids on the last day 
of the experiment (seston plus periphyton) of the column 
enclosures receiving daily increments of nitrogen and phos- 
phorus are essentially equivalent (Pigure 12) . The algal 
aiid faunal populations of the lowest carbon treatment (C-ICMP] 
at that time were found to be about three times that of the 
GoluTOi. enclosure receiving equivalent nitrogen and phosphorus 
but no carbon (C-NP) , With an increased daily loading of 
glucose the algal population declined (C^lCNP versus 
C-2CIIP) suggesting a shift in the balance of nutrient competi- 
tion for nitrogen and phosphorus away frow the algae in 
favour of a non-chlorophyllous heterotrophic population: 
strands of fungal mycelium were very evident in tube C-3CNP 
during the latter part of the study. 

Routine examination of inorganic carbon concentrations 
show the decrease in the level of this parameter to be 
greatest in those systems receiving daily increments of nitro- 
gen plus phosphorus (Table IX) . Diurnal observations toward 
the end of the investigation further indicate that carbon 
dioxide during the daytim.e is disappearincr faster than net 
replenishment in those enclosures fertiliz;ed with nitrogen 
and phosphorus (Figure 15} . 
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Such static aeterminations do not indicate the rate of 
availability of carbon dioxide for photosynthetic assim- 
ilation, or in other words these measurements are not 
indicative of the amount of carbon dioxide used because quan- 
tities available as a result of atmospheric infiltration 
and respiration could not be assessed in total. The degree 
to which the carbon dioxide pool is refurbished, in the 
absence of photosynthetic activity, as indicated by the 
quantity present just before sunrise, is not as great in 
those tubes receiving only nitrogen plus phosphorus as 
when glucose was also included. The biodegradation of glucose 
to carbon dioxide could then account for the establishment 
of a larger pre-dawn concentration plus a possible highei* 
rate of carbon dioxide availability during daylight hours 
and thus result in an enhancenent of autotrophic processes 
(B-CNP*) which might otherwise have been restricted due to 
a decreasing availability of carbon dioxide (B-NP*) even 
though nitrogen and phosphorus may not have been limiting to 
phytoplankton development. Heterotrophic growth of algae may 
also have been occurring, however the extent to which this 
type of phenomenon may have influenced the development of 
algae can not be assessed from these results. 

Between bag and column enclosures of comparable 
nutrient regimes algal development of the columns is 
typically less than that of the bags. Total combined 
populations of rotifers and crustaceans illustrate the re- 
verse situatioti, being greater in the columns (Figure 1?), 
Such a disparity is not unexpected however as the innoculum. 
of the bags does not include organisms either adjacent to 
or within the muds, having been more or less established at 

the time of filling. 
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The discrepency between the algal responseB of comparable 
treatments in the two types of enclosures no doubt reflects 
to some extent the impact of this latter difference. For 
example while the total solids of B-CNP* and C-CNP* are 
quite similar (Table VI) , the faunal population of the 
latter is approximately three times that of the former, 
vjhereas the algal populations show a reverse relationship. 
Predation by the microfauna could therefore conceivably 
account for the absence of a synergistic algal rasponse to 
carbon plus nitrogen plus phosphorus in treatment C-CHP*. 
Schindler et al (1973) have recently demonstrated 
tliat although daytime levels of free carbon dioxide may be 
become virtually undetectable in a shield lake fertilized 

with nitrogen and phosphorus, maximum algal densities in ex- 

3 
cess of 15 mm /I were recorded. The absence of equivalent 

densities in the tubes of this study could reflect the im- 
pact of faunal predation in both types of enclosures, 
populations of these organisms being several orders of 
magnitude higher than were observed, for example, in a 
fertile shield environ such as the Muskoka Lakes (Michalski 
et al, 1973 J « 

Detailed comparison of the algal responses of the 
lushog experiments with the observations of nutrient enrich- 
ment studies with enclosures in various other shield lakes 
(Schindler et al, 1971| Michalski et al, 1973) is not 
possible due to differences in the type of enclosure, 
background fertility history, fertilization rates etc. 
The results of all such experiments clearly indicate how- 
ever that phytoplankton development in these waters is 
primarily related to the availability of phosphorus- 
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COHCLUSION 

Kushog Lake represente an oligotrophic, low 
alkalinity environ which does not develop an anaerobic 
hypolimnion when thermally stratified during the sum- 
mer months, 

Phytoplankton development in the trophogenie 
zone in late suimer would appear restricted due to a 
low availability of nitrogen and phosphorus, othe,rwise 
the lake water is quite fertile, 

Phytoplankton responses associated with in situ 
isolated epilimnetic water in bag and colmnn enclosures 
to single and daily feedings of glucose, nitrogen, phos- 
phorus were quite variable. The key nutrient influencing 
phytoplankton development was found to be phosphorus 
availability. Addition of glucose or nitrogen alone had 
no stimulatory impact. A synergistic response to C + N + P 
comipared to N + P appears related to an enhanced availa- 
bility of carbon dioxide. 

Differences between phytoplankton responses of 
bag versus oolmtm enclosures receiving equivalent treatments 
is attributed to the impact of faunal predation. 
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This report is made in good faith and from 
information believed to be correct^ but without any 
guarantee of any kind whatsoever, whether express or 
implied, with respect thereto, and in particular, 
the Ministry disclaims any responsibility for the 
accuracy, completeness or usefulness of the report 
and does not represent or warrant that the use of the 
information contained in the report will conform to 
the law or may not infringe any rights under the law- 

The Ministry and its employees and agents 
shall not be liable in any manner whatsoever in respect 
of the information contained in the report j any use of 
such information shall be at the risk of the user. 
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